The aim of this study is to investigate the effects of respiratory muscle strength and pulmonary involvement on functional status, fatigue, and health related quality of life (HRQoL) in patients with systemic sclerosis. Patients and methods: Thirty-three patients (2 males, 31 females; mean age 46.2±13.4 years; range 27 to 77 years) with systemic sclerosis and 34 healthy volunteers (3 males, 31 females; mean age 40.9±12.8 years; range18 to 65 years) were included in the study. Pulmonary involvement and respiratory muscle strength were evaluated by measuring forced vital capacity, vital capacity, maximum voluntary ventilation, high resolution computed tomography, pulmonary artery systolic pressure, and visual analog scale for dyspnea. Functional status, HRQoL and fatigue were measured with Health Assessment Questionnaire Disability Index, Medical Outcomes Study Short Form-36 (SF-36), and Fatigue Severity Scale, respectively. Results: Compared to healthy controls, our patients had lower functional status and HRQoL, and a higher fatigue level. Respiratory muscle strength had significant contribution on functional status and SF-36 physical component summary scores. Pulmonary arterial hypertension had significant predictive value for SF-36 physical component summary. Interstitial lung disease affected the functional status only. Dyspnea had significant predictive value for fatigue and mental component summary of SF-36. Conclusion: Since a significant association is present between pulmonary involvement, respiratory muscle strength, functional status, HRQoL, and fatigue in patients with systemic sclerosis, these parameters should also be evaluated in the early period of the disease. Once respiratory muscle weakness and pulmonary involvement are detected in this population with limited treatment options, a comprehensive pulmonary rehabilitation program including respiratory muscle exercises should be designed to improve functional status, HRQoL, and fatigue.
Systemic sclerosis (SSc) is a chronic connective tissue disease of unknown etiology which causes widespread micro vascular damage, and excessive deposition of collagen in the skin and internal organs. Cardiopulmonary, renal and gastrointestinal system involvement, and organ based complications are frequent, and contribute to excess mortality and early morbidity. [1] [2] [3] [4] Systemic sclerosis affects the lung parenchyma (interstitial pulmonary fibrosis) or pulmonary blood vessels (pulmonary arterial hypertension) or both in the early stage of the disease.
1,4-6 Lung fibrosis has been detected in approximately 70% of SSc patients at autopsy. 6, 7 Also, pulmonary arterial hypertension is a common complication occurring in 15-20% of SSc patients. 1, 5, 6 Symptoms of pulmonary involvement include dyspnea, fatigue, deconditioning, impaired exercise tolerance and in turn, reduced physical, recreational and social activities, and impaired health related quality of life (HRQoL). 1, 3, 4, [8] [9] [10] Studies on the contribution of pulmonary involvement and dyspnea to function and quality of life in patients with SSc have reported conflicting results. While some studies showed significant correlations, and advised that Short Form 36 (SF-36) and Health Assessment Questionnaire Disability Index (HAQ-DI) should be included as measurements in scleroderma lung disease, 5, 8 some studies did not detect a correlation, and concluded that these measurements are of no value in showing pulmonary involvement in these patients. 1, 9 Fatigue is increasingly recognized as an important and bothersome symptom in SSc patients. However, research investigating its correlation with pulmonary involvement and dyspnea in scleroderma lung disease is limited. [2] [3] [4] Furthermore, to the best of our knowledge, no studies have been reported in the literature investigating the effect of respiratory muscle strength on functional status, HRQoL, and fatigue in SSc patients.
A proper understanding of the effects of respiratory muscle strength and pulmonary involvement on functional status, fatigue and HRQoL in SSc population can assist us in designing an effective and organized rehabilitation program, and promote an active life style in these patients. The aim of this study was to investigate the effects of respiratory muscle strength and pulmonary involvement on functional status, HRQoL, and fatigue in patients with SSc.
PATIENTS AND METHODS
Thirty-three patients (2 males, 31 females; mean age 46.2±13.4 years; range 27 to 77 years) with a diagnosis of SSc (21 limited, 12 diffuse) according to the American Rheumatism Association criteria, and 34 healthy subjects (3 males, 31 females; mean age 40.9±12.8 years; range 18 to 65 years) consented to participate in the study. All the patients were recruited from the department of rheumatology of Ankara University School of Medicine Hospital. The hospital's ethical committee approved the study. Each subject was performed a complete medical assessment including medical history, physical examination, and routine laboratory measurements.
Patients with significant comorbidities such as decompensated heart failure, uncontrolled blood pressure, significant renal insufficiency, cancer, fibromyalgia syndrome, psychiatric disorders, depression, respiratory infection, known histories of asthma, allergic alveolitis, thyroid diseases, or other systemic inflammatory rheumatic disease were excluded. All subjects underwent a standardized interview regarding their current medications, physical activity level, and smoking habits.
Resting spirometric measurements including forced vital capacity (FVC), vital capacity (VC), and maximum voluntary ventilation (MVV) were performed on a hand-held spirometer (Sensormedix, Vmax29, Yorba Linda, CA, USA) in a sitting position. Each subject performed at least three trials, and the best performance was used for analysis. Measurements were expressed as percentages of the normal predicted values. Eighty percent of predicted maximum or higher was accepted as normal. Clinical subsets of FVC were determined according to the American Thoracic Society guidelines for mild (>70% of predicted), moderate (50-70% of predicted), and severe (<50% of predicted) physiologic impairment. 8, 11 Parenchymal abnormalities were identified by high resolution computed tomography (HRCT). HRCT grading included: 0, normal; I, ground glass appearance more than reticular; II, equal ground glass and reticular areas; III, reticular area more than ground glass; and IV, diffuse honeycomb lesions. 12 Pulmonary hypertension was measured by the pulmonary artery systolic pressure which was calculated from the echocardiogram as systolic pulmonary artery pressure= 4 x tricuspid regurgitation velocity 2 + right atrial pressure. 13 Up to 25 mmHg at rest was accepted as normal. 1, 6 A 0-100 mm breathing visual analog scale was used to measure self-assessment of breathlessness. 1, 3, 8 Fatigue severity scale was used to measure the impact of excessive fatigue on daily function. 14 The scale includes nine questions related to how fatigue interferes with certain activities, and rates its severity. The items are scored on a seven point scale including 1= strongly disagree, and 7= strongly agree. The scale was scored using mean of all the scores with minimum score being 1 and maximum score being 7. The Medical Outcomes Study Short Form 36 questionnaire (Turkish version) was used to measure quality of life. 16 The SF-36 includes one multi-item scale which assesses eight health concepts: physical functioning, role limitationsphysical, bodily pain, general health, vitality, social functioning, role limitations-emotional, and mental health. SF-36 scales are standardized to a range from 0 to 100 with a higher score indicating better health status. The validity and reliability study of the Turkish version of SF-36 has been well documented.
Health Assessment Questionnaire Disability Index was used to measure functional status. 17 This index is a patient oriented functional assessment tool used to measure functional status by assessing the activity of living over the past week. It questions eight dimensions including dressing and grooming, arising, eating, walking, hygiene, reach and grip. Difficulty is rated on a four point scale. The scale has been validated in SSc.
Statistical analysis
For the continuous variables, the groups were compared using the t-test for the independent samples. The Mann-Whitney U test was also employed to compare groups for with inhomogeneous distributed values. The relationships between pulmonary functions and patients' demographic and clinical variables were analyzed using the Pearson correlations coefficients for continued variables whereas Chisquare test was used for categorical variables.
Multiple regression analysis was used to investigate clinical and pulmonary factors affecting functional status, HRQoL, and fatigue. Data were analyzed using SPSS (SPSS Inc., Chicago, IL, USA) for Windows v. 16 .0. The level of statistical significance was set at p<0.05.
RESULTS
In our sample, 12 patients (36.4%) had diffuse SSc and 21 (63.6%) had limited disease. Systemic disease was observed in 13 patients (39.4%). The baseline characteristics of SSc patients and healthy controls are summarized in Table 1 . There were no differences between the groups regarding age, sex, and body mass index. Table 2 and 3 show pulmonary findings of the patients and controls.
According to the clinical subsets of FVC, 8, 11 nearly 27 patients (81%) had normal to mild impairment in the FVC, with four (12%) having moderate impairment, and two (6%) having severe impairment. Also, 10 patients' (30%) MVV was <80 of predicted. Means and standard deviations of fatigue severity scale, SF-36 subscales, and HAQ-DI score are presented in Table 4 . Twenty-one patients (63%) experienced severe fatigue over 5 point score. Table 5 shows the correlations between pulmonary functions and clinical/demographic parameters.
Regression analysis was conducted to investigate whether pulmonary involvement and respiratory muscle strength impact functional status, HRQoL, and fatigue. FVC, VC and MVV It has been estimated that 40% patients with scleroderma have FVC of less than 75% predicted, indicating the presence of restrictive lung disease. The most rapid decline in FVC occurs within the first three to five years of disease onset. 18 The strength of respiratory muscles can be evaluated from dynamic maneuvers such as the MVV. 19, 20 MVV is the largest volume which can be ventilated during a 10 to 15 seconds interval with voluntary effort. Average value for MVV was markedly reduced in our patients compared to healthy controls, and MVV of 10 patients (30%) was <80 of predicted. In an unselected population of SSc patients for pulmonary involvement, this finding indicated that one third of our patients had evident respiratory muscle weakness.
Respiratory muscle function has been shown to contribute to dyspnea, exercise limitation, [23] [24] [25] [26] Furthermore, trials in interstitial lung disease and pulmonary hypertension showed improved exercise capacity, symptoms and quality of life following pulmonary rehabilitation with or without respiratory muscle training. [27] [28] [29] Marcisz et al. 30 showed that FVC, forced expiratory volume in one second, VC, MVV, maximum midexpiratory flow rate 25-75%, and peak expiratory flow rate values were significantly decreased in SSc patients compared to controls. Pulmonary function test results of our patients are similar to this study.
The HRCT is the most sensitive and specific modality for detecting and characterizing any interstitial lung disease. Being more sensitive than chest X-ray, it is the preferred imaging technique. 18 A previous study in SSc patients reported no correlation between HRCT and HRQoL. 9 Although we observed significant correlations between HRCT, functional status and some of the SF-36 subscales in our patients, HRCT was not a significant predictor of function and HRQoL in multivariate analysis.
Systemic sclerosis affects multiple physical, psychological, and social domains and is associated with impaired HRQoL. 3, 8, 10 It has been reported that the greatest impairment in SF-36 subscale scores of SSc patients appeared to be in the physical functioning, general health, and role physical domains whereas mental health was relatively preserved. 9, 10 The authors suggested that this unexpected high result in mental summary score was due to psychological adaptation and coping with chronic and disabling underlying conditions.
In contrast with two studies in the literature, 9, 10 the present study showed that our patients had Up to 50% of patients with SSc complain of dyspnea. Interstitial lung disease, airway disease, gastroesophageal reflux and recurrent aspiration, pulmonary hypertension and other conditions such as arthritis, obesity, anaemia, and/or deconditioning due to inactivity are the potential causes of dyspnea in these populations. 5 Interstitial lung disease and dyspnea were also reported as significant contributors to function and HRQoL of SSc patients. 5 Khanna et al. 8 showed significant univariate correlations between dyspnea and HAQ-DI and SF-36 in SSc patients with lung disease compared with healthy population. These previous studies 5, 8 reported that HRQoL and functional status were variably correlated with pulmonary involvement and dyspnea, and concluded that HAQ-DI and SF-36 should be included as outcome measures in interventions of scleroderma lung disease. In contrast with these studies, Chow et al. 1 showed no significant correlations between functional status and lung involvement parameters such as pulmonary arterial hypertension, dyspnea, Carbon Monoxide Diffusing Capacity and FVC, and concluded that the HAQ-DI is of no value as an outcome measurement in SSc patients. In another study, no significant correlations were detected between SF-36 domains and lung involvement measured with HRCT and Carbon Monoxide Diffusing Capacity. 9 Fatigue is a disabling symptom in SSc patients. It has been shown that the severity of gastrointestinal and joint involvement, perceived pain levels, presence of anti-U1-ribonucleoprotein antibodies, ineffective coping skills, dyspnea, low VC, poorer physical and social function, depressive symptoms, and sleep quality were associated with higher fatigue level in this population. [2] [3] [4] In this study, we demonstrated significant relationships between respiratory muscle strength, pulmonary involvement, functional status, HRQoL, and fatigue in SSc patients. Firstly, respiratory muscle strength and interstitial lung disease had significant predictive roles on functional status of our patients. Secondly, respiratory muscle strength, dyspnea and pulmonary hypertension were detected as significant contributors to HRQoL. Finally, dyspnea had a significant role on the severity of fatigue. To the best of our knowledge, our study is the first to assess the effects of respiratory muscle strength on functional status, fatigue, and HRQoL in patients with scleroderma.
Although our patients were not preselected for the presence of pulmonary involvement, we have determined during our study that 18% of our patients suffered from an evident interstitial lung disease, and 36.4% of them appeared to have pulmonary vessel involvement while 30% had respiratory muscle weaknesses. Despite the presence of typical abnormalities in respiratory muscle function, lung parenchyma and pulmonary blood vessels, our patients did not report evident respiratory symptoms before and during the study. We suggest that dyspnea increases gradually and promotes a sedentary life style in SSc patients. Therefore, limited activity can mask respiratory impairment until increased demand appears as in chest infection or strenuous activities.
The current study had some limitations. First, MVV was used to measure respiratory muscle strength of the SSc patients. However, MVV is influenced not only by respiratory muscle strength, but also by the compliance of the lungthorax system, the condition of the ventilator control systems, and the resistance of both airways and tissues. Therefore, MVV was used in this study only as an indirect index of respiratory muscle strength, and the other factors should also be considered in the analysis of the results.
The second limitation was that our study was a cross-sectional design, and we have not investigated whether the long-term changes in pulmonary functions and muscle strength were associated with functional status, fatigue, and HRQoL. Finally, the sample size was relatively small, and the data was obtained from one clinic. Thus larger or multi-center studies are necessary in order to confirm our findings.
In conclusion; pulmonary involvement, respiratory muscle strength, functional status,
